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Abstract 
Lateral thinking is important in generating high quality human resources. More competitive, more creative and innovative 
thinking are vital in getting the best outcome from a person. Hence, the university has emphasized the importance of the lateral
thinking through teaching and learning in order to produce marketable and high quality graduates. Open-ended question made of 
non-structured question where the answer depends on the student’s best creativity in solving a given situation. They have to 
initiate efforts and ways to get acceptable, consistent and accurate answer in answering the situation. This open-ended question is 
the essence of this study to gauge students’ achievement, ability and test their level of innovation. This paper reports an 
experimental entitled black box for Electrical & Electronic Lab II (KL2082) at the Department of Electrical, Electronic and 
Systems Engineering (EESE), Faculty of Engineering and Built Environment. The results showed 56 out of 58 students (96.5%) 
in the class have reached the minimum limit which set at 40% on the results with mean 55.26 and standard deviation of 15.44 
obtained through the results.
© 2011 Published by Elsevier Ltd. Selection and/or peer reviewed under responsibility of the UKM Teaching and Learning 
Congress 2011. 
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1. Introduction 
Higher education institutions have acknowledged that in the process of learning and teaching, evaluation and 
implementation of measurement should be applied (Cartwright et al. 2009) in order to assess the ability of the 
graduates especially in producing high-quality human capital. This was articulated by our former 5th Prime Minister 
of Malaysia, Dato 'Seri Abdullah Ahmad Badawi when tabling Ninth Malaysia Plan (9MP) (Department of Prime 
Minister). This is also highlighted by the current Prime Minister of Malaysia-6, Dato 'Sri Mohd Najib bin's Tun 
Abdul Razak during  National Key Result Area (NKRA) announcement in 2009 where education is one of the five 
focus areas (http://www.moe.gov.my/nkra) and also in National Key Economic Area (NKEA) which was launched 
in 2010 (http://www.e-kilangmpob.com.my.NATIONAL_KEY_ECONOMIC_AREAS.pdf) respectively. Similarly, 
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it can be seen that the Faculty of Engineering and Built Environment, Universiti kebangsaan Malaysia (UKM) also 
concerns on the quality of graduates produced by each department. Hence, syllabus and courses are designed to 
achieve the targeted objectives. 
Graduates’ thinking comes into an issue when they work in the real world. From the feedback gathered, it was 
shown that the current graduates are lack of soft skills such as problem solving skill, leadership and so on which 
cannot be achieved if the traditional academic learning is still applied in the lectures. Lateral thinking means student 
who can move from one known idea to creating new ideas.  
There are two main focuses in the implementation of a structured syllabus: theoretical and practical. Learning 
during lectures delivered orally while practice involves hands-on during experimental. However, the question often 
asked is how the system such as exams can measure the achievement of all students in term of soft skills and other 
non-measurement ability such as creativity and innovation which are abstract and difficult to measure accurately 
through examination like closed-ended question. 
Thus, an open-ended question has become a key question in measuring students’ performances by  not only 
assessed on facts but also tested in other aspects such as designing, developing new application and so on which 
cannot be found in the text books. Therefore, open-ended question is created to give students freedom to throw their 
ideas and solutions which may think logically in a manner. Students can be guided using 5W 1H namely where, 
when, what, which and how to get the tips in order to get a right answer.  
The analysis of the results of this open-ended question will be studied and presented further in the next section. In 
this paper, the focus of the study is based on the black box, a final exam question of the KL2082 Year 2 of the 
EESE, Faculty of Engineering and Built Environment, Universiti Kebangsaan Malaysia (UKM).  
2. Methodology 
EESE has offered several laboratories for each year of study for example; Laboratory Electric & Electronics I for 
Year 1 Students, Laboratory Electric & Electronics II and Laboratory Electric & Electronics III for Year 2 and Year 
3 respectively for practical purpose to enhance students understanding to familiarize the theories given during 
lectures. Besides fundamental laboratories, other subjects such as Microprocessors and Control labs are also 
implemented to expose students on the course related application. Mode of assessment is based on laboratory reports 
produced by the students. In addition, at the middle of each semester, a mid-term exam will be carried out to assess 
the practical performance of students. The exam does not only assess the students’ ability to apply theories learned 
in lectures but also cooperation between group partners as teamwork.  
The Laboratory of Electrical & Electronics II (KL2082) has its own unique character, where a black box has been 
provided to each student during final exams. The black box contains various circuit systems made by lecturers. The 
idea of the black box was initiated by the EESE laboratory coordinator. The idea was triggered by the request of the 
dean and head of department to change the questions openly in order to challenge the students. This was a concern 
raised by the Engineering Accreditation Council (EAC) Malaysia panels during accreditation.  The questions set at 
that time were not challenged or not really tested the students’ capabilities; hence the obtained results did not 
accurately determine the student’s real performances (SAR EAC, 2010). 
The black-box structure is shown in Figure 1 with 8cm of wide, 12cm of length and 4cm of height. From the 
figure, the box consists of two wires at the both ended. Black and red wires are attached at one ended while brown 
and blue wires on the other ended. It is known that red and black for positive and negative ports respectively. But 
students need to find out the polarity for the other wires by using provided tools and equipments on the table. Each 
student is given a black box and measuring tools such as oscilloscope, multimeter, and other wires and connectors 
such as crocodiles and probe wire. Students need to carry out the basic steps to identify the characteristic of the 
given black box. 
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Figure 1. Structure of the black box 
In the question, students are prohibited to open the black box and required to write all the procedures or steps 
taken to solve the black box’s mystery. Question sample is illustrated in Figure 2.  The answer for this question is 
open, where students are tested physically and mentally. They have to characterize the black box by using the 
provided tools and required to solve the problem individually within a specified time (2 hours). Virtually the 
question not only gives exposure to the students about the real working world, where an engineer has to complete a 
given task in a timely manner, but also develop students’ confident to complete the task with their own style after 
completing the course. 
Figure 2.  Black box’s question sample 
Table 1 is a matrix of learning outcomes for KL2082. The subject syllabus is based on learning outcomes 
program determined by the department. Through this table, it is found that all learning outcomes have been 
complied through this final examination which is the main component in the evaluation as well as laboratory reports 
to measure the effectiveness of the laboratory in learning progress.  
Red
Black
Brown Blue
4cm 
12cm 
8cm 
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Table 1. Learning outcomes matrix for KL2082 
No. Course Outcomes 
P
O
 1
 
P
O
 2
 
P
O
 3
 
P
O
 4
 
P
O
 5
 
P
O
 6
 
P
O
 7
 
P
O
 8
 
P
O
 9
 
Delivery Assessment 
1 Ability to describe & analyze op 
amp circuits.                                          
(Knowledge & Analysis)
2 2   2 2 1 1  Laboratory 
Experiment 
PKP,
Laboratory 
Report and 
Examinations 
2 Ability to analyze properties of 
various active filter circuits.                  
(Analysis)
2 2   2 2 1 1  Laboratory 
Experiment 
PKP,
Laboratory 
Report and 
Examinations 
3 Ability to construct a wheatstone 
and AC bridge circuit and define its 
properties.                 
(Comprehension & Application)
2    2  1 1  Laboratory 
Experiment 
PKP,
Laboratory 
Report and 
Examinations 
4 Ability to understand the properties 
of a transformer and applying it in 
power supply circuits.                           
(Comprehension & Application)
2    2  1 1  Laboratory 
Experiment 
PKP,
Laboratory 
Report and 
Examinations 
5 Ability to design and construct 
functional electronic circuit.                 
(Synthesis)
2  2  2  2 1 1 Project PKP and 
Presentation 
OVERALL 2 2 2 2 2 2 1 1 
1- Related to Program Outcomes (PO) with no assessment 2- Related to Program Outcomes (PO) with assessment 
PKP: Students’ Self-assessment; PRK: Peer Group Assessment; PBL: Program based Learning 
Table 2. Learning program outcomes for year 2010/2011 
PO# Program Outcomes (PO) 
PO1 Ability to acquire and apply knowledge of mathematics, science and engineering 
towards an in-depth technical competency in electrical and electronics engineering. 
PO2 Ability to undertake engineering problem identification, formulation and solution 
using techniques, skill and modern scientific ICT and/or engineering tools necessary 
for engineering practice. 
PO3 Ability to utilize system/subsystems approach to design and evaluate operational 
performance.
PO4 Understanding of professional and ethical responsibilities from knowledge of 
environment and contemporary issues. 
PO5 Ability to design and conduct experiments, as well as to analyze and interpret data. 
PO6 Knowledgeable in project management, administration, business acumen and 
entrepreneurship.  
PO7 Ability to communicate effectively, not only with engineers but also with the 
community at large. 
PO8 Ability to function effectively as an individual and in a group with the capacity to be a 
leader or manager as well as an effective team member. 
PO9 Recognizing the need to undertake life-long learning, and possessing/acquiring the 
capacity to do so. 
Table 2 is the list of the learning program outcomes for Year 2010/2011. All POs have been evaluated except for 
PO4 (Professional responsibility) cannot be assessed due to the PO4 can only be measured when implemented in 
practice and cannot be tested in the question or exam questions. Referring to Table 1, students also evaluate 
themselves and by peer /groups partners.
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3. Results and Analysis 
A total of 58 students from three programs offered by the EESE, namely Microelectronic Engineering Program, 
Electrical & Electronic Engineering Program and the Program of Computer and Communication Engineering have 
to take this compulsory course in their second year of study. The results below obtained from the marks of the final 
examination achieved by each student for the black box experiment in 2010/2011 session during Semester 2. 
Individual results for the final examination of the black box experiment are shown in Figure 3. The results 
showed that all students achieved the minimum score which was at 40% except one student was absent on the day 
with 0% given. However, there was a student who did not pass the minimum score. The student has been identified 
as a poor student with CGPA below 2.6. Thus, the findings show that student with low performance has low 
thinking ability and need more exercises and exposure to enhance the skills. Conversely, two students who achieved 
the highest marks of 90% were identified as excellent students in the batch with CGPA> 3.5 based on two years of 
performance at the department. 
Figure 3. Individual achievement for the black box in electrical & electronics II 
Figure 4. Results of the students for each group 
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Based on Figure 4, students were divided into 7 groups as indicated in the figure. A total of 56 students achieved 
more than the minimum 40%. Specifically 42 students achieved more than 50% marks is 72.4%.  11 students who 
contributed 19% obtained below 80% while the remaining five students of 8.6% scored above 80% marks for the 
experimental. Overall mean for the batch was 55.26 with standard deviation of 15.44, hence overall achievement 
was average. 
Figure 5. Lateral thinking distributions between male and female students 
Figure 5 shows the gender distribution of the results obtained from the Black Box experimental. Male students 
achieved the lowest marks through the exam and one male student was absent on the day. This was due to low 
awareness and attentions by the male students after interviewing them. Even though the numbers of male students 
were higher than female students across the marking groups, but the numbers of female students were less than male 
students who were taking the same engineering program.   
In general, student achievement also depends on the individual thinking and capabilities of excellence. Many 
students are modest because the students are Year Two students who need more exposure in learning. They still 
have another two years of study to complete the four-years of program. It is expected that the students will be 
enhancing their abilities and thinking skills upon completion of study later where maturity is also one of the factor in 
producing high quality human capital. 
4. Conclusion 
This paper has reviewed the effectiveness of an open-ended question which highlights the ability of a student in 
response to lateral thinking with no tie to specific solution in answering the questions. Open-ended questions has the 
capability to tests students on their creativity to give the best acceptable, consistent and accurate explanation for 
such questions have no specific answer unlike the ones in the traditional academic classes. At the end, we can 
distinguish those who are potentially having a lateral thinking and who are not. 
The black box was used in the final exam for laboratory course namely in Electrical & Electronics II (KL2082). 
The results show that top students can solve problems very well while the poor students performed weak and still 
need more exercises and question to sharpen their thinking skills. However, almost all students have passed the 
minimum limit set which is a 40% mark of the exam question. All students are expected be better when it comes to 
the Final Year- 4th Year through more open-ended questions created during their four-years of program, as a result 
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the lateral thinking of this group of students can be enhanced and expect good quality of graduates can be produced 
at the end of the  study. 
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